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Overview Topics

Watersheds

Everyone lives in a watershed. A watershed is an area of
land where all of the water that is under the land or drains
off the land flows downhill to the same place — a common
waterway. Water quality is affected by how the
surrounding land is used and, because water moves
throughout a watershed, natural and human activities that
affect the water quality upstream in the watershed can
affect the water quality downstream.



Topographic Map

Large scale map

Elevation is shown in three dimensions

Shows natural and manmade features

Shows small streams as well as large water bodies
Used to estimate watershed boundaries

You can identify your local watershed on internet websites.




Planning and Analysis
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Pollution

The Environmental Protection Agency defines
pollution as...

“Any substance that exists in the environment that is
undesirable or harmful to that environment”




The Water Quality Index
(WQI)

Developed by the EPA

Dimensionless number

Determines overall water quality
Compare water quality at multiple sites
Detect water quality trends

|dentify areas of water quality problems




Calculating the WQI

1. Nine physical, chemical, and microbiological parameters
are measured.:

» Dissolved Oxygen

e Fecal Coliform

» Biochemical Oxygen Demand
° pH

« Temperature Change

* Nitrate

* Phosphate

» Turbidity

» Total Dissolved Solids




2. Each test result is transferred to a weighting curve where a
numerical value, or Q-value, is obtained.
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A weighting factor is a mathematical value that sets the relative
importance of the parameter to the overall water quality.




3. The nine resulting
Q-values are Water Quality
used to calculate Index Worksheet
the Water
Quality Index for - _
- - e | Bl oeme [ En?| e
the sampling site. 0 o0 [%sanmion | o0 | 017 68
Fecal Coliform | 500,000 | CFU/100 mL 2 0.16 0.3
BOD 168 |mglL 15 0.1 17
pH 64 | pHunits &4 0.1 7.0
Temp Change 05 ‘C 20 0.10 9.0
Nitrate 9.4 | mg/LNO, 53 0.10 5.3
Phosphate 04 mg/L PO, 72 0.10 7.2
. Turbidity 24 NTU 57 0.08 4.6
The Water Quality s 26 |mgl n_| oo 50
Water Quality Index = 56.9
Index Scale ranges Water Quality Rating = Average
from 1 to 100, with
higher numbers WGl Rating
. . . wal | Rating
indicating better LM
water quality. )




Water Quality Assessment
Curriculum Package

* Thermometer * Phosphate Kit * Nutrient — TTC/MacConkey
 Dissolved Oxygen Kit * Turbidity Kit BioPaddles®
* pH Kit  Alkalinity Kit » Water Quality Index CD

* Nitrate-Nitrogen Kit » Salt/TDS/Temp Tracer



Unigue Feature!

Nutrient TTC/MacConkey
BioPaddles® for coliform
testing

No Petri dishes

No inoculating loops
No Bunsen burners
No refrigeration
Faster

SAFER




The exploration of the Water Quality Index
teaches students STEM-based skills:

» Analytical skills - research a topic, develop a plan, draw conclusions

» Organization skills — record data

» Science skills - recognize cause and effect, use facts to prove a
hypothesis

» Leadership skills — work as a team

» Mathematic skills — measurements and calculations

 Attention to detail - follow procedures, record data

» Technical skills - troubleshoot problems, build equipment, utilize
internet sites

» Creative abilities - solve problems, design equipment

» Communication skills - interact within teams, pool class data,
prepare reports

Skills will be applied to four classroom activities and one field
activity...




Classroom activities use EPA data from Kansas River Sites

Activity 1  Determine the Water Quality Index for the
Kansas River Watershed

Activity 2 Do Water Quality Values Change over a 24
Hour Period?

Activity 3 Do Water Quality Values Change Within a
Watercourse Cross-Section?

Activity 4  Environmental Impacts on Mill Creek Tributary




1. Students review background materials

~

= LaMotte

Watershed
Ecology

3
3

oB3233B8E338

2007 2008 2009 200

TUTTLE ;{\\ /’dE;
GHEEK S

F

16
17

Statistical
Analysis
Extended

PERRY
RES.

Including:

e Student Guide

 PowerPoints

« STEM-based
Extension Activities



2. Students create spreadsheets with the reported data to

calculate the Water Quality Index ...

KANSAS CITY - STATION 1 - 24 HOUR DATA
SS2
Date | Station | Mile Location  |Time| Weather | g5 | Do |Fecal coli| BOD. H Temp | Temb | yjyrate |Phosphate | Turbidity | TDS
Marker Observations s I (Loc 1) (Loc 2)

Kansas
Cit -
uux(ie 39°05' Clear skies;

6-Nov 1 a Longitude 94'36" 2:00 |-2°C 1980 10.8 2,000 83 77 95 95 2.000 0.56 20 450
Kansas
Cit X
hllt{d: 39°05' Clear skies,

6-Nov 1 0 Longitude 94°36" 4.00 |-2°C 1980 10.8 2,000 7.6 77 95 9.5 2.000 0.43 17 435
Kansas
City i
Latitude 39°05' Clear skies;

6-Nov 1 1] Longitude 94'36" 6:00 |0°C 1980 10.6 1,000 8.9 78 95 9.5 2.000 0.80 15 480
Kansas
Cit .
MLQ 39°05' Clear skies;

6-Nov 1 4] Longitude 94°36" 8.00 |1°C 1970 1.0 3,000 8.9 8.0 9.0 9.0 2.000 0.43 13 475
Kansas
Cit ) .
uriZ.da 3905 Light Rain;

6-Nov 1 1] Longitude 84°36" 10:00 [3°C 1940 10.1 5,000 83 78 9.0 9.0 2.000 0.61 22 435
Kansas
City e ]
Latitude 39°05' Light Rain;

6-Nov 1 4] Longitude 94°36' 1200 |4°C 1940 1.1 2,500 7.6 8.0 8.0 9.0 2.000 0.13 91 425
Kansas
City
Latitude 39°05'

6-Nov 1 0 Longitude 54°36' 14:00 |Drizzle; 5°C | 1960 11.1 8,000 6.4 77 9.0 9.0 2.000 0.62 38 458
Kansas
Cit ,
Lam‘-rme 3505 Clear skies;

6-Nov 1 1] Longitude 94°36" 16:00 |6°C 1980 111 5,000 6.4 80 80 90 2000 0.46 30 440
Kansas
Cit i
lauzda 39°05' Clear skies;

6-Nov 1 1] Longitude 94'36° 18:00 |5°C 1930 10.7 2,500 73 80 8.5 8.5 2.000 0.59 34 435
Kansas
Cit .
Latingde 39°05 Clear skies,;

6-Nov 1 4] Longitude 94°36" 20.00 |3°C 1930 138 5,000 8.0 78 9.0 9.0 2.000 0.44 25 470
Kansas
City ¢
Latitude 39°05' Clear skies;

6-Nov 1 0 Longitude 94'36" 2200 |2°C 1900 10.4 1,000 7.9 8.0 90 9.0 2.000 0.55 25 425
Kansas
City
Latitude 39°05'

6-Nov 1 ) Longitude 94°36' 0.00 |Clear skies 1910 10.2 5,000 8.3 78 9.0 9.0 2.000 0.43 25 440




...and analyze the data and create graphs to answer
guestions such as:

» Based on the sampling data, can any conclusions be drawn
regarding sampling time?

» Does the data show a significant difference in water quality over
time?

» Based on the reported data, can rainfall influence the Water
Quality Index?

* What water quality target parameters fell outside of the target
values?

And discuss:

* What are the possible reasons for water quality variances?

» What would be a possible plan for future sampling that might yield
more significant data?

* How would you design a study that would provide additional
guidance regarding river and stream sampling points?




Completed spreadsheets and answers to questions are
provided in the Teacher Guide

TEACHERS NOTE

You may
Quality Ine

c have groups share

sheel

4. Create a Statistical Summary Spreadsheet
Have students create a spreadsheet that presents a statistical summary of the watershed WOQI values,

including:
Sample size (n) n=10
Mean () 35.16
Standard deviation (SD) 8.08

Standard emror of the mean (SEM) )
Data range (max / min) 30.04 - 2084

5. Summarize the WQl
Have students summarize the WQI for each sampling date.
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Activity 5

Investigate Water Quality
in a Local Watershed

Field Activity




ldentify a Local Watershed

Students do a search or use links to internet resources to identify
a local watershed and determine the local watershed boundary.
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Student explore internet sites to research more about the site:

Land Use (GIS)

As a result of major

form a 51 mile concrete-
lined water course
through 13 cities.

Water quality
data from citizen

flooding, the Los Angeles
River was channelized to

LOS ANGELES RIVER

MASTER PLAN

GOALS

The Los Angeles River Master Plan (LARMP)

HISTORY

= 1960: As a result of ma-
looding disasters, the Los
jles River wss channel-
to form & 51 mile con-

monitoring
groups

Weather events

Water quality
data for nearby
monitoring
stations

crete-lined water course
through 13 cities.

1977: The Los Angeles County
Flood Control District led an
effort to provide multipurpose
uses along the river by devel-
oping a river bikewsy through
Long Beach.,

1990: Friends of the Los Ange-
les River revitalized intesest in
improving the river and influ-
enced Los Angeles Mayor Tom
Bradley to form the Los Ange-
les River Task Force.

199k County Board of Supervi-
sors directed the development
of the Los Angeles River Mas-
ter Plan and sppointed sn Ad-
visary Commitces.

1996 County Board of Super-
visors adopted the Los Angeles

River Master Plan.

Advisory Ci which consists of ap-
proximately 50 . including represen-
tatives from Federal, State, cities, local agencies,
and environmental snd community groups for-
mulated 2 multi-objective program for the,
Los Angeles River while recognizing its pri-

of flood protection. Oversll, the [ [
Master Plan advocates environmental en- [l [¥

the
Los Angels River and Tujungs Wash corridors.

ACCOMPLISHMENTS
*  The Los Angeles River has attracted over $I73 million in projects that are either com-
pleted or in development and design.
*  Waorking with stakeholders, our completed projects total over $110 million.

+ We continue to work with stakeholders to develop Future projects fike the Wrigley
Greenbelt and enhancements at Golden Shore.

s TheCounty has bee i in providing
tion A funding for River projects,

*  County Public Works has been the lead on 8 Earth Day events which have incressed
swaneness of the River and have improved its environmentsl resources.

425 million in Proposi-

*  Tofscilitste development of the River, the County has adopted guidelines for landscap-
ing and signage and is working to finalize maintenance guidelines.

#  The Landscape Guidelines and Plant Paletre was awarded a Certificate of Merit for
O ing Planning by the iation of i i
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... list possible point and nonpoint pollution sources,...

* Urban runoff

e Sewage

 Industrial wastewater

e Thermal pollution

« Debris from upstream

» Secondary-treated effluent
» Waste discharges




...and use satellite photos from internet sites to document
the sampling location.




Collect a Water Sample

Students collect a sample at the site

...or a sample can be brought to the classroom.




Test The Water Sample

Students groups follow the Field Test Procedures to
obtain a test result for the nine parameters that are used

to calculate the Water Quality Index.

MEASURE

ARIING) T o coiare chamicats

DISSOLVED OXYGEN (DO)

camiy Mot fooe used | mmhr-r
expept Lndor achut auperye

For use wilh: LaMotte Dissalved Oxygen Kil (Code 5860-01) See

lesources for ink to compiete test ki instructions inclucing EPA

complance requirements and chemical reactions

Oxygen is critical to the survival of aquatic plants and
animals, and a shortage of issolved arygen is nat only a
sign af pollution, it is harmiul 10 fish, Some agualic species
are more sensilive 16 oxygen depletion than others, but some
general guidelines to consider when analyzing test resulls
are

5-6ppm  Sufficient for most species
<3ppm  Stresstul 1o most aquatic species
2ppm  Fatal 1o most species

Because of ils imporance 10 the fish's survival
aquacullurists, or “fish farmers,” and aquarisis use t
dissolved axygen test as a primary indicator of their wstmrs
abity 10 suppert heatth fish

The axygen found in water comes from many sources,
but the farges! source is oxygen that is absorbed from

i1 atmosphere. Wave aciion and splashing allows more
awygen ta be absorbed info the water A second major
source of oxygen is aquatic plants, including aigae. During
photosyrihesis plants remove carbion dioxide from the water
and repiace it with oxygen.

Onygen s conlinuously maving between the water and
surtounding air, The direction and speed of this movement
is dependent upon the amount of contact between the air
and waler. A lumbling mountain stream or windswepl, wave-
covered lake, where more of the water's surlace is exposed
10 the air, will absorb more oxygen from the 3

than a calm, smooth body of waer, This

aerators: by creaing bubbies and waves 1

increasad and moee oxygen can entar the

Photosynthesis

in the leaves of plants, one of the mast i
peocesses on Earth is constantly accuifng

During daybght, plants canstantly lake car

Chemically, the photosyrthesis reaction
Ught + nCO, + AH,0 — (C,

procucind

Ty e 71

during photosynthesis.

“The amount of oxygen requited varies Acoording 10 species
and stage of ite. DO levels below 3 ppm are stiessh [
most aqualic organisms. DO levels below 2 ppm or

il nol bupport Rt loveis o 1o 6 ppm aro usuly foqered
for geowth and activiy. Fish and invertebrates that can move
willleave areas with iow cissolved orygen and concentrale in
areas with higher levels. Siow moving, rapped or non-mobile
‘aquatic animals may perish I the dissolved oxygen alls
below 2 pom.

Percent Saturation
The oxygen level of a water system s nat only dependant
on production and consumption. The potential dissoved
oxygen capacity of waler s kmited by atmospheric pressure
(aitituda), salinity, and temperature. These factors determing
the highest DO evel possbia The parcent saluraton vae
expresses ihe quantiy ol dissalved axygen in the sampie as
a percent of the Iheoretical pD\eﬂha\

When waler holds all of the dissolved axygen that it can hold

ala gven alfilude, lemperature, and salinity. l is Said to be
100% saturated. If it holds a quanier as much as i could
possibly hold under those conditions it is 25% staturatec

I is possible 1o get percent saturation values over 1

when water bacomes highly aerated by tumbling over rapids
and dams. It can also become supersaturated on a sunny
day when dense reas of plants and aigae produce axygen
Ihuich cholneunthesie. o deu cansrne wata lovels:

Q-Value

100
90
80
70
60
50
40
30
20
10

Dis. 4 “xygen

20 40 60 80 100 120
DO; % Saturation

Dissolved Oxygen
100%
Q=99

140



Change in Biochemical Coliform
Temperature Oxygen Demand 500,000 CFU/100 mL
0.5°C 16.8 mg/L Q=2
Q=90 Q=15




Students enter
test results on -

He Fiol Water Quality
the Field Data Index Worksheet
Sheet and the
Water Quality

Parameter Test Weighting Weighted
& It Unit Q-val Fact Q-Val
Index Worksheet. - G k] W) i A
Fecal Coliform | 500,000 | CFU/M00 mL 2 0.16 0.3
BOD 16.8 mg/L 15 on 1.7
pH pH units 0.11
Temp Change 05 °C 20 0.10 2.0
Nitrate mg/L NO, 53 0.10
Phosphate mg/L PO, 72 0.10
Turbidity NTU 57 0.08
TDS mg/L 7 0.07
Water Quality Index =
Water Quality Rating =
WQIl Rating

wal | Rating

0-25 Poor

26-50 Fair

51-70 Average

71-90 Good

91-100 Excellent




pATAL

Water Quality
Index Worksheet

Parameter Test Weighting Weighted
Result Units Q-value Factor Q-Value
DO 100 | % Saturation 75 017 16.6
BECOME THE Fecal Coliform | 500,000 | CFU/100 mL 2 0.16 03
BOD 16.8 mgy/L 15 0.n 1.7
STUDENTS! o
Temp Change 05 |C 20 0.10 2.0
Nitrate mg/L NO, 0.10
Phosphate mg/L PO, 0.10
TEST THE WATER Turbidity NTU 008
TDS mg/L 0.07

SAMPLES FOR e T ————
THE REMAINING
TEST FACTORS.

WQI Rating
wal [ Rating
0-25 Poor

26-50 Fair
51-70 Average
71-90 Good
91-100 Excellent




1. Follow the Field Test Procedure to test the water sample from the
site.

2. Enter the test result on the Field Data Sheet.

MEASURE

WARNING! This set conlains chemicals
‘that may be harful f misused. Read

NITRATE

For Use with: LaMoatte Nitrate Nitrogen Tablet Kit (Code 3354-
01). See Resources for links 1o complete test kit instructions and
chemical reactions

Nitrogen is required by all living animals and plants to build protein. Aqu
or they eat other aquatic organisms that consume aquatic plants. Nitra¢
decompasition of plants and animals or the excrement of living animals
amount of nitrogen in areas where they are plentiful.

Nitrogen is a nutrient that acts as a fertilizer for aquatic plants and, alon
causing water quality problems.

Drinking water containing high nitrate levels can affect the ability of blog
animals are especially susceptible

Nitrogen enters the water from improperly functioning septic systems, a
of fertilizer from lawns and crops.

Unpolluted waters generally have a nitrate-nitrogen level below 1 ppm. |
are considered unsafe for drinking water.

Nitrogen occurs in natural waters as nitrale (NQ,), nitrite (NOF)‘ Ammeni
resulls are expressed as nitrate-nirogen (NO_N), meaning “nitrogen the
expressions refer to the same chemical but express the concentration ir

MATERIALS SAFE
Nitrate: Nitrogen Tablet Kit Code 3354-01 *
Water collection bottle, at least 1 liter )
Thermometer Code 1066 ’
Field Data Form
Water Sampler (optional) Code 1054-DO -

cautions on indidual containers
carefully. Not to be used by children
‘exoapl under adult suparvision

MEASURE

WARNING! This set contains chemicals
that may be harful if misused. Aead

TURBIDITY (TOTAL SUSPENDED SOLIDS-TSS)

cautions on indvidual containers
carefully. Not lo be used by children
‘except under adull supervision

for link to complete test kit instructions.

For Use with: LaMotte Turbidity Kit (Code 7519-01) or LaMotte
Secchi Disk (Code 0171-CL)(alternative method). See Resources

Turbidity is a measurement of the relative clarity of water.
Turbidity is caused when suspended solids scatter light as it
passes through water. Turbidity should not be confused with
coloésince darkly colored water can still be clear and not
turbid.

In addition to blocking out the L needed by submerged
aquatic vegetation, burying eggs and bottom dwelling
crealures, suspended sediment can carry nutrients and
pesticides throughout the water system. High levels of
turbidity can damage gills and interfere with the ability of
figh to see food. Suspended particles near the water surface
absorb additional heat from sunlight, raising surface water
temperature.

There are many possible sources of turbidity. Sediment from
dislurbed or corraded soil can cloud water and microscopic
plankton contribute to high turbidity levels when their
numbers increase due to excess nutrients and sunlight
Waste discharge, urban runoff, and large quantities of
bottorn feeders or boat traffic that stir up bottom sediment
can increase turbidity levels.

Turbidity can be measured in several ways. One method
uses a lurbidimeter-- an instrument that electronically
measures how light is scattered when it passes through a
water sample. The more light that is scaitered, the greater
the turbidity reading will be

FIELD COLLECTION

The Secchi Disk provides a very simple means of making
transparency determinations in natural waters. The Secchi
Disk is a black and white circular plastic plate, 20 cm in
diameter that is divided into four pie-shaped quadrants that
are alternately colored black and white. The Secchi disk is
lowered into the water until it can no longer be seen. The
depth at which it vanishes is measured and recorded. Secchi
disks do not work well in shallow waters or in waters where
the current is too strong.

For shallower waters, a disappearing dot method can be
used. The water sample is added 10 a tube with a target at
the bottom, A calibrated turbidity standard is added to clear
water in a second tube until the observed “fuzziness" of both
targets is the same

Moderately low levels of turbidity may indicate a healthy,
well-functioning ecosystemn in which plankton flourish at a
reasonable level to form the foundation of the food web.
High turbidity is an indicator of either runoff from disturbed or
eroded soil or blooms of microscopic organisms due to high
nutrient inputs. Very clear water is typical of the open ocean
and oligotrophic lakes, supporting only sparse plant and
animal life

Turbidity levels in drinking water should be less than 0.5 JTU
and typical groundwater levels are less than 1.0 JTU.

(I using the Secchi disk, go to Alternative Field Collection)

MATERIALS

Turbidity Test Kit Code 7519-01

Water collection bottle, at least 1 liter

TH Code 1066

Field Data Form

‘Water Sampler (optional) Code 1054-DO

SAFETY

* Wear splash-certified safety goggles and gloves.

+ Read the labels on all reagents

* Wash hands before and after contacting water
samples and performing tests. Poor hygiene is a
comman reason samples become contaminated.
In the event of an accident or suspected poisoning,
immediately call the Poison Center phone number
in the front of your local telephone directory or call
a physician. Additional information for all LaMotte
reagents is available in the United States, Canada,
Puerto Rico, and the US Virgin Islands from Chem-Tel
by calling 1-800-255-3924. For other areas, call 813-
248-0585 collect to contact Chem-Tel's International
access number. Each reagent can be identified by
the four digit number listed on the upper left comner of
the reagent label, in the contents list and in the test
procedures.




Calculate the Water
Quality Index

1. Pool group data to complete the Water Quality Index
Worksheet.

2. Set up a spreadsheet, Water Quality Index Calculator

use the Water Quality

TEST Weighted

Index Calcu Iato I, Or Parameter RESULT  |Units Q-value Weight Q-value
. DO % Saturation NR 0.17 NR
use the Water Qua“ty Fecal Coliform cruoomL|  NR 0.16 NR
BOD ma/L NR 0.11 NR
Index WorkSheet pH pH units NR 0.11 NR
calculate the Water Temp Change < NR R
. Nitrogen mg/L NO3 NR 0.10 NR
Quallty Index Phosphate mg/L PO, NR 0.10 NR
Turbidity JTU or infft NR 0.08 NR
DS ppm NR 0.07 NR
WEIGHTS: 0 0.00
NR = Not Reported Water Quality Index = NR

Water Quality Rating = NR




WHAT IS THE WATER QUALITY OF THE LOS ANGELES
RIVER BETWEEN WARDLOW ROAD AND WILLOW
ROAD?

WHAT COULD HAVE INFLUENCED THE WATER
QUALITY?

Rainfall?
Restricted water flow?

Sewer and industrial
wastewater discharge?

. r Urban runoff?




When you drive over the Los Angeles River and through the city of
Long Beach will you look at the area the same way as you would
have 90 minutes ago?
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The concentrations of
water sample parameters,
physical data, and pollution
sources used in the
example activity were
based on actual data that
was collected from the Los
Angeles River between
Wardlow Road and Willow
Street on October 11, 2012
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